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The human cornea characteristically has a positive spherical aberration. In younger patients, a negative lenticular spherical aberration provides balance to produce a neutral ocular spherical aberration. 3 Amano et al 4 and Wang and Koch 5 concluded that the age-related increase in ocular spherical aberration was due to the increase in the spherical aberration in the internal optics of the eye, specifi cally the changes in the crystalline lens, 6, 7 whereas the increase in ocular coma is secondary to the increase in corneal coma. 4 Artal et al 8, 9 postulated that the age-related deterioration of the internal optics of the eye altered the balance between the aberrations of the corneal and internal surfaces resulting in an increase in the total ocular spherical aberration. The combined effect of the positive spherical aberration from both the lens and cornea impairs the optical quality of the eye. 10 Traditional intraocular lenses (IOLs) have positive spherical aberration, which only aggravates the natural sphericity of the cornea. Given this understanding, there has been a trend toward the placement of newer generation aspheric IOLs at cataract surgery to decrease postoperative whole eye wavefront aberrations.
T ABSTRACT PURPOSE: To compare topographically derived corneal wavefront aberrations between the NIDEK Magellan corneal topographer with built-in software (NIDEK Co Ltd) and VOL-CT software (Sarver and Associates) and determine their effects on intraocular lens (IOL) choice based on spherical aberration profi les.
METHODS: Data were collected prospectively for 28 eyes without existing corneal disease prior to undergoing cataract surgery. Corneal higher order aberrations were calculated using Zernike polynomial expansions from topographic data and compared between the builtin NIDEK software and VOL-CT software.
RESULTS:
Using two-tailed paired t tests, statistically signifi cant (PϽ.05) differences were found between the two calculations at 4 mm for 4th order aberrations (NIDEK: 0.2005 µm, VOL-CT: 0.1202 µm) and 6th order aberrations (NIDEK: 0.0985 µm, VOL-CT: 0.0546 µm). Statistically signifi cant differences were noted between the two calculations at 6 mm for 5th order aberrations (NIDEK: 0.2757 µm, VOL-CT: 0.1618 µm) and 6th order aberrations (NIDEK: 0.2641 µm, VOL-CT: 0.0920 µm). No statistically signifi cant differences existed for 3rd order, spherical aberration, and total higher order aberrations. However, using spherical aberration-based IOL selection criteria, the ultimate IOL selection would have differed in 13 eyes if calculated using the NIDEK versus VOL-CT software.
CONCLUSIONS: Statistically signifi cant differences were present in wavefront aberration calculations using the NIDEK versus VOL-CT software for 4-and 6-mm pupil sizes. These differences in spherical aberration could infl uence wavefront-optimized IOL selection for cataract surgery. also examined the customization of IOL selection based on preoperative corneal wavefront aberrations. All of the aforementioned studies, however, depend on the reliable measurement of preoperative corneal aberrations.
Given the importance of corneal wavefront aberrations in these customization algorithms, reliable and consistent measurements are crucial. We therefore aimed to compare the calculation methods between two modalities. Disregarding the possibility of operator, instrument, and even acquisition-to-acquisition variation in measurements, the validity of newer topographic software calculations of corneal wavefront aberrations has not, to our knowledge, been examined previously.
PATIENTS AND METHODS
Patients undergoing clear corneal incision cataract surgery by the same surgeon (W.M.M.) were prospectively identifi ed from January 2008 to September 2009. Patients with uncontrolled autoimmune disease, coexisting corneal or signifi cant ocular pathology, or significantly decreased visual potential in the study eye were excluded. Eyes with corneal astigmatism у4.00 diopters as determined by simulated topographic keratometry and those eyes with poorly acquired topographic images due to dry eye or other causes were also excluded.
Corneal topography was acquired preoperatively for all eyes using the NIDEK Magellan corneal topographer (NIDEK Co Ltd, Gamagori, Japan). Polynomial expansions were calculated over a 4-and 6-mm pupil-centered zone derived through the VOL-CT program (Sarver and Associates Inc, Carbondale, Illinois) and built-in NIDEK Magellan proprietary software. The measurements and raw data for both groups were obtained using the NIDEK topographer. Pupil centration was accounted for automatically using the internal calculation of NIDEK software, and these pupil data were manually transferred from the NIDEK to the VOL-CT program. VOL-CT was set to pupil-centered calculations using the manually imported centration data. Both the NIDEK and VOL-CT were set for a 28-term Zernike polynomial expansion. The default settings used for VOL-CT were a wavelength of 0.555 μm and an index of refraction of 1.3375. The Rmax (or maximum radius for Zernike calculation) was set to half of the desired pupil size, and Zernike terms set to 28 for both corneal topography surface fi t and wavefront fi t.
Data calculated using both the NIDEK and VOL-CT software were then compared. Statistical analysis was performed using GraphPad Prism for Apple (version 4.0; GraphPad Software Inc, San Diego, California). The statistical tests were conducted at an ␣-level of 0.05. Informed consent was obtained from all participants and an institutional review board approved the study.
RESULTS
Corneal topography data were analyzed for 28 eyes from 28 patients (14 men and 14 women). Mean patient age was 65.9Ϯ13.75 years (range: 35 to 86 years).
The NIDEK calculations were, for the most part, of greater magnitude than the VOL-CT calculations, except for 3rd order aberrations at 4 mm and spherical aberration at 6 mm (Fig 1, Table 1 ). No statistically signifi cant differences existed for 3rd order, mean total higher order aberrations, or spherical aberration. For a 6-mm pupil, using two-tailed paired t tests, signifi cant differences were noted for 5th order aberrations (Fig 2, Table 2 ). As with 4 mm, the differences in calculations for spherical aberration, as well as for 3rd, 4th, and total higher order aberrations, were not statistically signifi cant.
Packer et al 11 outlined their aspheric IOL selection criteria in which preoperative corneal spherical aberration over a 6-mm zone was used to select one of three IOLs to achieve zero total postoperative spherical aberration. Using Packer's criteria for lens selection, and the IOLs included in his study (SofPort, Bausch & Lomb, Rochester, New York; SN60WF, Alcon Laboratories Inc, Ft Worth, Texas; and Tecnis, Abbott Medical Optics, Santa Ana, California), the IOL chosen would have differed in 13 of the 28 eyes if calculated using the NIDEK versus the VOL-CT software (Figs 3 and 4) .
DISCUSSION
Cataract surgery techniques as well as intraocular implants have evolved to achieve improved visual acuity as well as quality of vision. Intraocular lens 
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Newer aspheric or negative spherically aberrated IOLs were developed to counter the positive spherical aberration generated both from the cornea and that induced by cataract surgery itself, as postulated by Holladay et al. 17 In theory, implanting aspheric IOLs should improve the postoperative optical aberration profi le. [18] [19] [20] Pepose et al 21 found that although postoperative uncorrected and corrected visual acuity do not signifi cantly differ after implantation of an aspheric versus conventional spherical IOL, signifi cant differences are present when comparing contrast sensitivity, low contrast visual acuity, and whole-eye spherical aberration using a 5-mm pupil size. Tzelikis et al 22 confi rmed the above fi ndings in their study of 25 patients with bilateral cataract and affi rmed that functional vision is best assessed by contrast sensitivity, as opposed to corrected visual acuity.
In a randomized, prospective, double-blind study, Santhiago et al 23 compared fi nal higher order aberrations, including spherical aberration, contrast sensitivity, and depth of focus in 50 eyes of 25 patients receiving an aspheric IOL (Akreos AO, Bausch & Lomb) in one eye and a spherical IOL (Akreos Fit, Bausch & Lomb) in the fellow eye. The study verifi ed prior studies that aspheric IOLs result in a signifi cant decrease in spherical aberrations compared to spherical IOLs. The aspheric IOL group had improved contrast sensitivity testing, which was more pronounced under mesopic conditions with higher pupil diameter and under photopic conditions at 12 cycles per degree. Depth of focus was similar between the two groups. Johansson et al 24 indicated that a higher amount of spherical aberration was associated with an improved depth of focus when comparing two aspheric lenses, the Akreos AO and Tecnis Z9000 (Abbott Medical Optics). Ongoing studies continue to evaluate the postoperative clinical and visual implications of these lenses. 10 A number of investigators have sought to determine algorithms for selecting customized IOLs to optimize visual results. Packer et al 11 sought to achieve zero total postoperative spherical aberration as a presumed optically superior outcome. This goal was achieved through calculating corneal spherical aberration and inserting one of three IOLs based on sphericity. For corneal spherical aberration Ͻϩ0.1 μm, the SofPort Advanced Optics was inserted; for those between ϩ0.1 μm and ϩ0.235 μm, the AcrySof IQ (SN60WF) was chosen; and for spherical aberration Ͼϩ0.235 μm, the Tecnis Z9000/2/3 was implanted. Calculations were done using the 6-mm optical zone. Packer et al 11 found that tailoring the selection of aspheric IOLs based on corneal wavefront data was advantageous compared to unmatched placement of aspheric lenses. Further, Wang and Koch 12 showed that all corneal higher order aberrations, not only spherical aberration, were important in customizing IOL selection, as all contributed to the fi nal optical quality achieved.
Regardless of algorithm, the measurement of corneal wavefront aberrations has been critical to all IOL customization methods. Without accurate and reproducible corneal wavefront aberration measurements, IOL selection techniques become of questionable value.
In our study, we showed that virtually all corneal wavefront orders were signifi cantly affected based on the calculation method. Individual terms all differed, and many of the root-mean-squares of the higher orders differed signifi cantly. The differences for spherical aberrations shown in this study, although not statistically signifi cant, could infl uence wavefront-optimized IOL selection for cataract surgery. Based on the IOL selection criteria of Packer et al, 11 the ultimate IOL selection would have differed in 13 of 28 eyes, if calculated using the NIDEK versus the VOL-CT software. In nearly half of these eyes, the method of corneal wavefront aberration calculation would have played a critical role in how a surgeon would ultimately have chosen a seemingly optically advantageous IOL.
We used VOL-CT, an established wavefront aberra- Variations in Derived Wavefront Aberrations/Siegel & Munir tion software package capable of using raw topographic data for analysis. Because the original raw topographic data were used, no observer or acquisition bias was introduced. The algorithm for the calculation methods of the NIDEK topographer has not been published (despite numerous attempts, we were unable to ascertain the calculation method and constants used from NIDEK). As a result, the accuracy of this proprietary instrument cannot be confi rmed. Thibos et al 25 established guidelines for ocular wavefront aberration reporting. These standards were meant to introduce uniformity in the calculation of wavefront aberrations. The VOL-CT adopts the standards for calculating and reporting the optical aberrations of eyes as proposed by Thibos et al. However, it is unclear whether the NIDEK software adopts the same standards. As has been shown, variation still exists among individual algorithms in practice.
As aspheric IOL selection becomes more important and widely used to further optimize postoperative visual outcomes, there must be improved standardization of these calculations across different instruments. Further study is needed to elucidate the variation in corneal wavefront aberrations based on calculation method and to determine more consistent standards for reliable comparison. 
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